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Plasma dry etching usal for the fabrication of low-dimension& structuresis known to create
defecs in the materid which affect both the opticd and the transpot properties of the sample We
compae the resuls obtainel from three differert method of characterizig the damag inducel by
electran cyclotran resonane metalggant reactiwe ion etchirg to the two-dimensionbelectra gas
(2DEG) in GaAs/AlGass heterostructures photoluminescencetranspot measurementsand
electrmn paramagneti resonanceEtching impairs the quality of luminescene ard decreasgthe
single-partick relaxation time, while the concentratio of a surfae relatedl paramagneti defect
(probaby danglirg bonds isincreasedHoweve, detailed experimersg showv no correlation between
the densiy of defecs and transpot or luminescene properties nor betwea transpot and
luminescene properties In particula, hydrogen passivation which improves the luminescence
properties after etching leads to deterioratd transport properties © 199% America Institute of

Physics.

Dry etching method are importart techniqus for the
patternig of low-dimension& systens in multilayer semi-
conducte structures Their main advantage are their high
anisotroy, uniformity, and very well controllabk etch
rate}~3 Howeve, dry etchirg is known to creae defecs in
the materid tha can degraa the transpot and photolumines-
cene propertiss of the samplet? In orde to optimize the
etchirg parametesin terms of low damagean efficiert tech-
nigue for the characterizatio of the damag is required Sev-
erd differet method to characterig the sampé can be
used Transpot measurementsor instancegive information
on the electran scatteriig probability and the numbe of free
carriers Electran paramagneti resonane (EPR gives the
totd densiy of paramagneti defects The photolumines-
cene (PL) of a multilayer structue degrade when recom-
bination centes or inhomogeneitis are introduced Since
ead techniquee is sensitiwe to differert propertiesthereis an
obvious risk of optimizing inappropriagé sampk parameters
for a specift application when the wrong technigee is used.
In this letter, we preseh a comparatie investigation of the
three technique mentionel above The surfae of GaAs/
AlGaAs heterostructue sample containirg a high mobility,
two-dimensionhelectra gas (2DEG) has bean etchal using
electran cyclotran resonane metalaggank reactive ion etch-
ing (ECR-MORIE. We compae the changs in the prope-
ties of the sampek as characterizé by PL and EPR with the
behavig of the single-partick relaxation time 75 ard the car-
rier concentratio as obtainal from Shubniko—de Haas
(SdH) oscillatiors detectel by microwaves In a numbe of
experiments including wet etching hydrogen passivation,
ard annealing the correlation of changs in the different
properties of the sampe is investigated.

We used modulation-dopd 2DEG GaAs/ALGa, _,As (X
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=0.3) structurs grown by metalgganc vapa pha® epitaxy
(MOVPE). The heterostructue consisté of an 800 nm, un-
dopeal GaAs layer, a15 nm, undopé Al Ga, /Aslaye, a70
nm, Si-dopa (5-10x10Y cm %) Al,Ga -As layer and
a 20 nm, 5x10'® cm 2 Si-dopel GaAs cappiry layer. The
pieces usal in the experimens were abou 2X4 mm? in size.

For both transpot and EPR measurements Bruker ESP
300 spectromete working at 9.5 GHz microwae frequency
was used All measuremestwere mace at T=4.2 K. For
SdH experimentsthe sampeis placed in the resonato of the
spectromete and oscillatiors are detecte as changs in the
microwawe conductivi.* For the determinatio of the
single-particé relaxation time>® 7, we measurd the mag-
netic field B at the onseé of the SAH oscillations ScH oscil-
lations can be resolval when the relation w.7s=1 is ful-
filled, where w.=eB/m*. Using our detectiom techniqwe at
atemperatue of 4.2 K, we determinedin a calibration ex-
periment,w.7s=0.7 a the onse of oscillations and can in
this way determiner for othe samplesThe mobility of the
untreatel materid was abou 9.5 m?/V s, the single-particle
relaxatian time varied for the differert pieces betwea 0.5
ard 0.7 ps ard the carrig concentratia varied between
6.2 ard 6.9x10' cm™2.

In EPR measurementsn sorne of the untreate pieces a
single isotropt line, denote DB, was detectedThe Zeeman
splitting factar was g=2.0 ard the linewidth 10-12 G. The
DB concentratia in the untreatd sample was of the order
of the detectia limit of 10'* cm™2. The defed is not iden-
tified, but the resuls given belowv strongl indicatke tha it is
located at the surfa@ or very close to it. Tentativey, we
attribute it to a danglirg bord at the surface.

For opticd characterizatio we usel a low temperature
(5—7 K), opticd fiber PL setyp with a 488 nm cw Ar™ ion
lase tha resultal in an excitation powe densiy of the order
of 10 W/cm?. A PL spectrin of an untreatd sampe is
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FIG. 1. PL of a GaAs/AlGaAs heterostructue before (full line) and after
(dashe line) ECR-MORE etching In the inset the time-resolve PL of the
enagy range betwea 1.510 ard 1.5%5 €V is shown whetre the fast contri-
bution to the PL of the etchel sampk (dashé line) is normalizel to the
value of the unetchd sampeé (full line).

shown in Fig. 1. Two strorg lines were detectedone at 1.495
eV, anothe at 1.518 eV, togethe with a broa line at about
1.48 eV. For a better understandig of the spectrumwe car-
ried out time-resolvel PL measurementwith 40 ps pulses
from a 655 nm lase diode and a C433 Hamamats streak-
scope for the analyss of the emitted light. As shown in the
insd of Fig. 1, the 1.518 eV line can be resolvel in time into
two contributions one with a deca time of 0.3 ns ard a
slowe one with a decy time of 8 ns We attribute the fast
contributian to excitonic recombinatios in the bulk GaAs,
the slowe to transitiors of electrors in the 2DEG to free
holes in the GaAs/~® The time dependene of the 1.518 eV
line is thus an instrumen to study the damag cause by
surfa@ treatments since the contributian from the 2DEG
will be relatively more sensitive than the contributian from
the bulk. The 1.4% eV line is due to bulk dona—acceptor
pair (DAP) recombinatior(®

Plasma dry etchirg was dore in an ECR-MORIE
reacta.'® The flow rates of H,, CH,, ard Ar were 3.0, 1.6,
and 1.2 sccm respective), the pressue in the chambe was
15 mTorr. During etching the sampé was biasal at 90 V
ard reachd an estimate temperatue of less than 60 °C.
Unde thes conditions abou half of the 20 nm GaAs cap
layer was etchal off at an etchirg rate of 1.6 nm/min.

The impad of the etchirg on a typicd sampe is illus-
trated in Fig. 2. The single-particé relaxation time is usually
decrease by 10%—-20% but decreasgby up to 50% have
bee observed The carrie concentratioa does not change
significantly, while the DB concentratia increass by at
leag a factar of 10, in sone sampls even values of 2
X 10 cm™2 hawe bee obtained It is importart to charac-
terize the samples immediatey after etching becaus we
found that the DB concentratia decrease by approximately
30% within the first 6 h, independenof whethe the sample
was stored at room temperatue or a 77 K. As shown in Fig.
1, the intensiy of all PL lines decreasgwith a simultaneous
increag of the linewidth. The 1.518 €V line is relatively
more affectad than the 1.4% eV line, which can be unde-
stoad with the help of the normalized time-resolvel PL of
the high eneqgy line after etchirg (inse of Fig. 1). The decay
times are only slightly changed but the intensiy of the
slowe 2DEG—free hole contributian is more reduce than

1404~  Appl. Phys. Lett., Vol. 66, No. 11, 13 March 1995~

200

B~
.‘é é 41495 eV
,g 2 100 | /
R /

= 1.518 eV]
2R e

o - Single-particle m
a9 =~ relaxation time @&
g 215} ~ o 1057 o
2 8 £ 5
S =10t 03 &g
~ o 9
B g %0 2
= 9 <
g 205¢ Carrier 102 8 %
g 3 Defect concentration N g
° 50 density =
‘;8 ‘B untreated etched etched and
28 hydrogenated

FIG. 2. The behavia of the PL intensiy, the paramagneti defe¢ densiy,
the single-partick relaxation time and the carrie concentratia after dry
etchirg of 10 nm of the cap GaAs layer and subsequenhydrogen passiva-
tion.

that of the bulk excitonic contribution This resut clearly
shows tha the etchirg proces usel in this work cause dam-
ace in the 2DEG region which is sensd by PL.

Hydrogen passivatio is known to improve the PL prop-
erties of GaAs considerahl.!! Hydrogenatio was dore in
the MORIE chambe for 60 min at 200 °C, but without bi-
asirg the sample As shown in Fig. 2, both PL lines show
strongy increasd intensiy after passivationThe 1.4% line
is increasd by a factar of 40, and the 1.518 eV line by a
factar of 14. Howeve, these improvement of the PL signal
are nat reflectal in the transpot properties In fact, the
single-partick relaxation time decrease even further, while
the carrig concentratio remain@ the same To find out
abou the role of hydrogenatia in the scatteriig probability,
a sampé was hydrogenate at 200 °C without prior etching.
Again, the PL intensiy increasedwhile the single-particle
relaxation time decreasedin this case by 25% The treat-
mert cause also a decreas of the carrier concentratia by
abou 60% Thes resuls show that, if hydrogen is involved,
the PL signd cannd be usal to judge the quality of the
sampek for transpot experiments The reduction of the
single-partick relaxation time is an effect of the exposue to
a hydrogen-containig plasna and not of the etchirg process
itself. UV radiation from the ECR plasna or diffusion of
atomic hydrogen into the sampk might be responsitg for
this behavio. Heating of untreatéd sampls in vacuum
causs no observal® changes.

It is known tha chlorine-baseé dry etchirg techniques
usuall lead to areducel value of the carrig concentratiort?
ECR-MORE dry etching unde the conditiors usel by us,
does not chang the carrig concentrationneithe does hy-
drogenatio after etching The reasm for the discrepancy
betwea thes resuls ard the fact tha hydrogenatia without
precediny etchirg repeatabt reduce the carrie concentra-
tion strongl, has nat been clarified.

The DB densiy, as measurd by EPR decreasa upon
hydrogenatia passivatio togethe with the improvemen of
the PL signal To find out more abou the origin of the
DB signd ard its role for transpot ard PL properties we
carried out wet etchirg experiments A mixture of

Linke et al.

Copyright ©2001. All Rights Reserved.



N

o
[
[=)

—#—Defect density

-
o)}
T

—+ Carrier concentration|
—* Single-particle
relaxation time

e =
® W
T

e
o=

Single-particle
relaxation time (ps)

\0————0————0——__.

0.0 L (] 1 L 0
untreated etched Ist 2nd  3rd
wet etching step (each 6s)

Carrier concentration (101 cm2)

o]
Defect density (1013 cov?)

FIG. 3. The single-partick relaxatio time, the carrie concentratiopnand the
paramagneti defed¢ densiy after 10 s of dry etchirg ard three subsequent
wet etchirg steps ead lasting for 6 s. The defed densiy is decreasa while
the othe two properties remah unchanged.

H5;PO,:H,0,:H,0 (3:1:50 etches GaAs at a rate of about
1.5 nmis at room temperaturé? After dry etchirg of 10 nm
of the GaAs cap layer and characterizationmog of the re-
maining 10 nm were removel by 6 s of wet etching The
resuls are shown in Fig. 3. As usual the carrie concentra-
tion remainel unchangd upan dry etching while the single-
particle relaxation time decreasé and the DB concentration
increased The remova of the surfa® layer by wet etching
decrease the DB densiy by more than a facta of 2. A
secoml and third wet etchirg step reducel the DB concentra-
tion even furthe. The defect are obviousy locatal close to
the surface which enable us to interpre them as dangling
bonds Remarkahy}, the scatterig probability as expressed
by 7 ard the carrie concentratia did not change during the
whole experiment This is astrorg indication that the in-
creasd scatteriny probability of the 2DEG electrors upon
etchirg is not cause by the defect detectel in EPR.

After annealig of an etchel sampé for 15 min in
vacuum we found that the DB concentratia varied strongly
upaon heatirg at differert temperature up to 380 °C, while
nore of the othe properties of the sampé exhibited signifi-
carnt changesThis confirms onae more tha the paramagnetic
defecs affect neithe the luminescene nor the transport
properties.

To summarizewe haw investigate the damag caused
by ECR-MORE to the 2DEG in GaAs/AlGaAs heterostruc-
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tures We hawe compare the resuls obtainal from photolu-
minescenceShubniko—de Hass oscillations ard electron
paramagneti resonanceWe found tha the concentratia of
a paramagneti surfae defect which we attribue to dan-
gling bonds neithe correlates with the quality of lumines-
cene@ nor with the transpot properties of the sample Fur-
thermore opticd and transpot properties are not directly
relatal to ead othea. In particula, hydrogen passivation,
which leads to a substantinimprovemen of the PL prope-
ties causs aclea increag of the scatterig probability in
the 2DEG. PL characterizatin canna be usel in this cae to
judge the suitability of a sampe for transpot applications.
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Councl for Engineerirg SciencesThe authos thark the Ep-
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